US012087487B2

a2y United States Patent (10) Patent No.: US 12,087,487 B2

Seino et al. 45) Date of Patent: Sep. 10, 2024

(54) COIL COMPONENT (58) Field of Classification Search
| CPC .. HO1F 27/255; HO1F 17/0013; HO1F 27/292;
(71) Apphcan‘[: TAIYO YUDEN CO.._, LTD., Tokyo HO1F 27/324; HO1F 2017/0066; HO1F
(JP) 17/04: HOIF 2017/048

(72) Inventors: Hirotaro Seino, Tokyo (JP); Takayuki See application file for complete search history.

Arai, Tokyo (JP)

(56) References Cited
(73) Assignee: TAIYO YUDEN CO., LTD., Tokyo -
(IP) U.S. PATENT DOCUMENTS
2018/0061550 Al* 3/2018 Lee ...ooovvvinnrnnnnn... HO1F 17/0013
(*) Notice:  Subject to any disclaimer, the term of this 1R/0718827 Al 82018 YmemotO
patent 1s extended or adjusted under 35
U.S.C. 154(b) by 651 days. FOREIGN PATENT DOCUMENTS
(21)  Appl. No.: 17/217,528 JP 2018037635 A * 3/2018 .............. HOLF 1/14
P 2018-121023 A 8/2018
(22) Filed: Mar. 30, 2021 JP 2019220609 A * 12/2019 ... HOLF 1/14733
(65) Prior Publication Data * cited by examiner
US 2021/0304947 Al Sep. 30, 2021 Primary Examiner — Tuyen 1 Nguyen
74) Att Agent, or Firm — Pillsbury Winthrop Sh
(30) Foreign Application Priority Data g’ittznan OE}E?:" SEL or B SDELy WITHEOP SEAW
Mar. 31, 2020  (IP) .o 2020-064'762
Sep. 7, 2020 (IPY woooooooeoeeo 2020-149825 7 ABSTRACT
Mar. 4, 2021 (JP) e 2021-034789 A co1l component includes: a laminated body containing a
plurality of metal magnetic particles; and a coil conductor
(51) Int. Cl. | provided 1n the laminated body so as to contact with the
HOIF 27724 (2006-0:~) laminated body and wound around a coil axis, wherein the
HOIF 17/00 (2006-0:~) laminated body has an insulating portion including a non-
HOIE 17/04 (2006-0:-) metal magnetic particle region defined by at least three of the
HOIE 27/255 (2006-0:-) plurality of metal magnetic particles 1n a sectional surface of
HOIE 27/29 (2006-O:~) the laminated body, and wherein 1n the 1nsulating portion, an
HOIE 27/32 (2006.01) atomic percent of S1 1s highest among those of materials
(52) U.S. CL constituting the non-metal magnetic particle region other
CPC ....... HOIF 27/255 (2013.01); HOIF 17/0013 than oxygen.

(2013.01); HOIF 27/292 (2013.01); HOIF
27/324 (2013.01); HOIF 2017/0066 (2013.01) 16 Claims, 11 Drawing Sheets




w
LR S R AN AN AR R S R R A RN S AR R R R F T R AR RS R E AN PR A

%

US 12,087,487 B2

Sheet 1 of 11

Sep. 10, 2024

iiiiiii

........................................................................

U.S. Patent

Fig. 1



US 12,087,487 B2

Sheet 2 of 11

Sep. 10, 2024

U.S. Patent

Fig. 2



US 12,087,487 B2

Sheet 3 of 11

Sep. 10, 2024

U.S. Patent

Ot

1
.-‘E.-"-"-"-"-'L'E.-"‘."-"-"-"-'E.-“‘-"-"-"-"-"'.-‘E.-"-"-"-"-'!.'E.-"-"-"-"-"-'E.-'L-"-"-"-"-'E.-‘E."-"-"-"-"'.-‘E.-"!‘.-1\".-."-'E.-'L"-"-"-"-'E.-‘!‘.-"-"-"-"-"'.-‘E.-"-"-"-"-'!.'E.-"q."-‘-"-‘-'E."-‘-"-"-"-'E.‘E.‘-‘-‘-"-'L‘E.‘-‘-‘-"-‘-‘E.‘p

o

-
]

- a

et T SR T L T

EY

-

L T N )
[ S i

- =

= ok L AL
L, R,

= o

L e

[ TS iy [ N S S iy =

-

.!.nn_..!..de.ww{ru!.uﬂl.lﬁmﬂl..r}%r?}.ﬂjlur.

._k._ .n.r+u_. o .u.xu.m .._n..__n \'
i . o

A

o Ol

i

L N S

e oa am -

-

= o

[ty 3 [T i S Ry

o

e N B R e ol N R Wl o A S W e R G ik e W LY e e e B W i“““ﬂ.ui:ii“ql*

i
:
:
:
n
:
:
!
:
;
:
i
!
:
:
!
i
!
j
]

B R A A R N S R R U L S A U R VR A R A A R T S A R

r . . [ . ..__.L....q
-m w mll i il N :....._r_.__n........._..-.__-|1l

= Ea's o=

LA LT TR ] 'l:'.,"p.-h‘_-i."l-‘

+
>
et T

L]

- L o A

- A
- a i o
AR HHHHHH&PHHJ&&!.\&HHH A A A A AR A A A A A .

5
,.,..m.,_qw.n I ...n\._
. _m

“
3

o EoR R oE o

\
k!
.

W W v kR q.lql.*-‘-_- ;A maaw

Fats

s

-

A Y N

-

o

TNty g

h

“,

) e D b s

.....

b diln k- e

.
.
-

A

“h“hh‘h«-"—-"--“iﬁﬂfa-

g1 ,_3,

H-ﬁ
.,

I._._

fab MR Y S e A AP R e
=

““_.*.._
R g St L G 1
1 A m\u\‘ n...u - »um_" .u._._... . ._.“.._ .,..,... A un...
' . . it ¥ o v ._._.,._. w? L " _“_.m rr
' N 3 -l_r T \\\ I-_.._,. . ..w..-...m._”. H.-.H_,. .ﬂ_”r..ﬂ__ a.”.”_...._,.. h....w.. : _"ﬂ_,.
Y ] 3 .1.-.1.._.. .~ , = Lo .mu. ..n" .1 - ..... . . . “u..
: %
4
Lo
A
- Mn..i..-..
M m L m
. 3
F, S
_m* ) ..ﬂ.
A
A
A
!
a
A
%
§ . m
2 ° 4
m ” o 1
| | 3
A
1
r
m . =y
4 " " }...t-....ur l-i.l..-f_-....... n% .....__H__
_ g
N O I T T —e. _n% i
_ma.
e
: 4

'
R i TN N T T S O o A S Rt T L T S R R s R R

}
%

-

_"*-F“# &
S

.

14

1
5 mmw-.m;tﬁ-.a-mm%jhmﬂx

E-".i

-t

af

T, -

_..v.w. “ - .__.._h. ..-_un / o

. [ ] hH
v o Ry
S T e e I AT T SR poprs WO

CORNIL

’
L_. b,

Bl GZ



US 12,087,487 B2

Sheet 4 of 11

Sep. 10, 2024

U.S. Patent

L
L
1

-

-

rayal

[

i

e

)

L
.o » 1.- a
A e .

L

4
R

P

4

i
r

' '
] m

R T

-t

Fo-

-

L




_‘_.._'-F'-..'.

US 12,087,487 B2

L B A U A RS S N L

Tt Tt gt R Nt el Ty

. AR PR Swfl R mE W AR KON

B il i L Y

ToMEr WA D o el ol W

Sheet 5 of 11

R T R R E LS SN PR

‘ A W Al A S Y
m‘.

»

"

x

]

o

Lol M o ol o T P PR PR I )

B 27w i o S o S O L SR RN

Sep. 10, 2024

U.S. Patent

"-"-:r.,

s

Sy

L

.

g

"

ey

.H.l.

gt

Rl

il

"W

¥ o

ot

o

Rl

P T

e

"t

[ |

o'y

‘A

-

Bl

K

"

o a

ol s

.

o B

W W

iy

Tl s

P LS

s

PP g

Lo ™

L

K

.

.

I

b T o ]

A wad,

A T

.1..._-. d n.-T.. -~

. e

Ty T

T

Yt

wrar

LS

a2

a3

L

o !

riace .

o

s

Ul &

o

™

h
==

4I
'I.'I.'I'.'.I'I.'I.. l.".lhl"l.'l.l'.'.l'l.'l.

Ay
I.-I'...'l.-'l.-'l-'l'...h-‘-'l'."l-‘-‘-‘

'-."I.-'I.".l.'l.-'l.-'l."l."l ..\

4,

Ll
LI O B N b B BN B AL AR B A

ra m mraEEEaAEEEr-E=

- mramEEaEEEaT =R

111 TAIAZTAERLTALERTSE "1

ftamamTaR

3

i€

4

AT E®ALALLF

AP TEEATERAILATITAALALEALE Y B % LEAALTS

TAEAETLR xF

I A AL LEILLLE

T r Em E EELTEEE

N

W,

s

&,

o s

P

A

S

Falw

K

.

Ll e

ey

A

aFalfs

S

N

L

“#y

e

o

Tl

A

Ay )

R

ey

trrar

L

o

o

"

W

Wl

N

L

N

"

e

Tt

A

W

i

o

¥

At

K.

FA

Far

ot

(P

Nt

L ob

+r

.

N

Fur'y

Wy

e

"t

ol o

4

A

ity

Tolfn

I,

b o

a

@10

S R VI P R AR T RN

E N

A
L U I I AP
. . e .I.llu...-..i............_..
_I = . .
L T L e e e . o o .
i |
— - . e - -
Tulfe 3w W WA A A W e ....l..ul.. .1 ‘W WA XA AT A
o
FEL TR W AL A BE T R R AN
ﬂ " gl e e
P. w ..__-l. ..I-.“.-...I.h_.
[ = o II‘l.”. JOEL .. .—.l‘l“ i e o | . .H.. = Sl "l . .
- -
N w. ARae
R Ry N T A ) FER Y

N e A R N T o P o T TR

110

-
al,
[

S
el

-,

"*J

k2

-

N,

b b3

Y

3
w
e1

-

e

W, e
: REEELEL Y KL

>

L LR

o S

AL

k

2

=Ty
H

k4

S By S S

}'ﬂ.ﬂ. AL

e e L L e

e

oy

Y
L i
LR RS L L ELELLL L SRS

¥
i
Lo

\{:.1.1..1.1.1.“1.1.1.1.1.
»Ei .
>
R

“\.u.-:“? ::-.f\k
¥ 3
L
[ e
Lo TR
' "EH"!'E"

L
[



U.S. Patent Sep. 10, 2024 Sheet 6 of 11 US 12,087,487 B2

L 4

L s L A N L L AL AR BN b b Bl W W NN R MM A N R B N R R B R kMW E M R R E R R R Rk NN LR R N b e Bl N R R Bl R R M M R A Bk NN ok W RN R R RN M WM KR N a.t..t.u.l.a.t.,t.u.u.t.nu-.u"_u.u.u.:.uu.u.u.t,l.,u.u.y.

e e L L T T e e Y Y

h E;{‘HHW‘!“*‘*“‘““ Lot

i

w-. - : . .._,.-n-'-'-"g . P @

HHHHHHH&W%HHHHHH“i-l-.'l-h'-l-’;l-l-lnﬁ.l-l..ﬁl..u.-uﬂ-l-l-I--h-‘-l-.l-‘.-l-l..-l-l-ul-l.nl-l--l-lua*-l-ﬂ-l-.l-l-
WM. Ma L L o
1

;

=

{3 £ ¥
| bl |
", # .
: y a
¢ o 1
§ { ;

l"Il )
>
Tl
- il
r!_v‘y i ; .EI'H,
w. iﬁwfn'- . % "-L
oy X \
i z L. R
3
N ".}
‘.-“ ‘*I-.‘h' LN {'.*H,._ ke .r'* "h"'ﬂl_ f”r-'p ! T - ,J{" iy R Tk ‘Ih"t- K E



US 12,087,487 B2

Sheet 7 of 11

Sep. 10, 2024

U.S. Patent

R ¥
L
'

= " [T . tl..
- 4 il.:.l.n...-...!...ﬂq..u..._:n-n..‘.ht._.
' . d

LR e S L L . .

whgersg

A L, Rl . R AL R Wb, W T Pl Fefed Febih ol Rl ol algd PR ol A AP

%
%

23
L e
?EH

.
i
%
b3
N
R .

o B B e B B e il I'\'r'\'\'\'\'\.‘l‘al"l-"l-"l-"l-“-i“: FETEETEREETETE TR WY O AT T TR TR TR T T TR TR T T T T T T Y AT e T T T T T e T T e R . W "l"i"i"l"l."l."l-‘i‘\-"l-"l-“'l-“l-' e S e e T e e T T i e ] T T T T T T T T T

ate e, BE, ey ol Bl Folbey P P S ST A, i "l N el e

I. ] ‘ o
C |.l.._.l.1i.._-l r i r .

et bR Sl Wi Tab Twbw owhek wfd gt el gk el gl g pRely ol oRR RRy Gk g

&

%
»
I
F

4
-t

Tl

gi

*“‘“ﬁrimuﬂ“‘

AN, |

*

)

oo
At
i ._._..n_. !
-4

. 3 _._‘. .___w..l._*- .-"u.u._n.... e ) ' .__.._. . ..-....1-
E A " E A _.\ L ;
-_.. ..i. t} T.."”.| rl ._-_‘. }.._.I._ .......‘ 1
L | ’ A i r'. .._.__., _r...h.u..__. ._.-__ _.—..”_._ d "..-"u_

L

b
.
A

Jootat t Fndp . | Lo
] E-:I.-..{..f-...]t_. ma .



US 12,087,487 B2

Sheet 8 of 11

Sep. 10, 2024

U.S. Patent

-

201

Y

P
e

R B R R R R L

" S o
o ..\tx« S ._..,.__«“
- . F Lt L\H ﬂ..m

] "SI

e
- o L™
I e

-!"-Ll_"l.'-'t‘l‘"

: L B P _f_.uT.. o . . .__._.+ Py 1
/ H..r..._r L __._.......tl. . ¥ I.t‘# .....-.-__.. .-.l_ﬂn A\ n.u&. .i_.||..ﬂ... l\(.\kl‘
. ..i..“____ r A .-.1.- p.u..u__ .Lu a* ......._” .
) - : y - , .1.‘ r |..._u. l.r. h-.- ) -
A

e Ty e S e iy e

_. -
- *
|..i "

ﬂ.\f.l.'u.-:"l.'ﬂ.'lt

%

4
J-.'q"-.-"-"h'-.'q‘q.-"q-‘:"'h'-."q- A R A e A e e e M e e e e e e e e B L e, e e B e e R L . o A e L R e e L L o e e e L L L L L L N, a e G e L L L L L, L e e e L T L e L L B .'n‘l-‘n!n"ﬂ'l'-.!;.‘l‘n'i-'n‘b.1‘h" L S L L e W LT B e R L L N L LT, Y,

(L
ot
el

I|||,I.l

‘-a.

F-'.F-I

o y .
e B} |



US 12,087,487 B2
A

Sheet 9 of 11

Sep. 10, 2024

U.S. Patent

%

_ a‘..m#

¥

W T
, ﬁ\..ﬂi.\rtﬁ\\\t&ﬁ\\i:ta.:ﬂﬁﬁﬁﬁﬁﬁ._____.___._.___.;__..___..____1:._..___._....._.ﬁﬂﬂ\.\t&ﬂiﬂ.ﬁﬂﬂ:}m&%ﬁ.}}l\.}\.___.._-.1._....‘.;-
-.‘-

h s

._.T&.v- ._n.__.vu__
wo ol

- f e ey
ot , o,
n...;..-. 1.-___
. . Ih L}
@ oy L.:n_.v
et * o
ettt
...ﬁ.
¥
i
x

'y
1

i : %Y | e,
S o e

M WM mEIE A AN NN RN BN Md LN Ny TN FA TN AE KNANE

u
., ___w, ,m\_,‘%

. )
.-n .-v.q

% W & &

|

| " “ /S £ \\
. ’ : .u_fw_,.__.#.___.va ...v ! | 7
o ™ Y A

LN
y “u, b
L L N R R R LT e o T I A T . .v. ki A .__..1-
PN . 4
; §
+

Fig. 9



US 12,087,487 B2

Sheet 10 of 11

Sep. 10, 2024

U.S. Patent

ko oh ok ohoh o h ko d ok h o h ok h o h o h ok h h ok h ko ko h ko h o h ko h h ko h o h h o h ko h o h ok hh h h h ko h h o h ko h o h e h R h e

W Al

§-
iy
A
a

L N N N N N L N N N N N N N N N N N

e

L
+ + F+ F++F S+ FFPFFPFPFFPFFPPFFPSFFSESFFRTT

L LN

LI I A L I O N I DO O I B DO DL O N DL O I O RO DL DL DO IOE DO O DL DO L IO DO L IOE DL B DOL DR AL BOE BOK BOL BOE DL DL DOE DAL DL IOE DO BOE IOE DO DAL DL DK AL IO DO AL IO DO O DO DK BOL IOE DO DO IOR DO O DL BOE B IO DO AL BOE DO UL TOL DL DL DAL DAL O BOR DO BOE IR BN B BN 1

o L
. o -t..
[ ] m
- b
4. .
b n .-_..._
. g )
i s i._....
- “LF
L7 " ",
o ..
'R to a-..
- bt
- s ",
H.._r ﬁiﬁ "
I..-.. ﬂi .-_I
. £ )
i .h.-_- a—.-.
C v
4. i
by *n .-_.._
.-.t. A
. L
II. ...in.
"y e
- ._-,_-
. .‘..-.
I.-. ...i‘.
. e
o, ﬁit
) L= T
. - ...ii.
.-.1 . "l.I
li ll. .
. " .‘..l
b .
<, .i‘
A, t-_. i
. o ...i‘.
Y. e
- Ty
[ ¥ T T T ] [T T I F T T T (¥ T I T T EaT T oy T ‘1.. [ * T I F T g r T
¥ »
-, ,.“i_..
] .ll.. - "Ii
. o L
<, .‘..l

ch

L 2

SOUUSYURYIN: OO Oy U OOy SV,

"
",

f
L..._.#
[
3

;
“

L R N K L R R R R I N R N

f+ + + + ¥+ F P+ F P+ PP PP FFPPSFPFPSPSPFPSSSSESPSSFESPSFFPSPSFLEFPSEPPSSPFSPSPSSFPSSSESPSSFESRSFSESESFRPSEPPSESESSFESSFESSTT

g
i
*

’
%
“r

k]

A T T

o

-
-

L L B BN B B DL BN B DN B DL O O DL B DL DN BN DL DN BN DL D BN DN DN U N U D DD DD BN DL BN DD DL DN DU B DN N DD U DD N B DN DU N RN EE N DD D DD D DD D DD DL DD DL DN DD DR N DD D DB D DD DL BB E




US 12,087,487 B2

Sheet 11 of 11

Sep. 10, 2024

U.S. Patent

22 R

L
N

..I._J___.,l...n.l._..

- A

= oL oa o+ o+ o

x i mﬂl ",

m
“
“

=y
. L * ¢
.ﬂ ﬁﬁ > ff?ﬂ K
. L : u
b ) -
TSI ITIRETFTFFFFTFTFIFIFFTIIIIFPRIFIFIPFFFFFFFFFFFTFFFFFF \HuQﬁiHHHHHHHHHHHHHHHHHTHHHHHHHHHHHHHHH
"
1

LB N N B B B B B O B N B O O O B B O O I B O O O O B O O B B O B O D B B O B O O I O B I B O I O B B B O I O O B O D B B B B O B I O B B O B I B O I O B B O D B O DL I B DL B O DL B B DR BN B O BN

L R ]

+ atatalata s
-
-

L N N L N L N N N N

!
‘I

e

Lé oL

I T T T

P e R R NN KT FTE T IT I TFLSF .\.\..___..\..__1..___..\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.&.___1..___,.\.___1..___,.\.___1.\.\.__1.\.___1.___1.\.___1.___1.\.____..\.\.\\Lﬂ\\\;\;ﬂﬂl\\_\\\\\\\\\\\\\
|

!
1
)

T -
.'n..n..-..'l:""

._“.__...‘_...‘_..L_...‘_...__..L_.. ol e

2 2 2 2 -

LR B B N B N B B N B B O B B B N B B N B N B B B O N N N B O O B B O B BB B N N B BB

L I R R R R L R .

LN B N B B N N N I B O B B B B B B N B B B B B N T B N B O O B O B O B N B B R B N R N N N

+ + PP

et ﬁ N )



US 12,087,487 B2

1
COIL COMPONENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based on and claims the benefit of

priority from Japanese Patent Application Serial No. 2020-
064762 (filed on Mar. 31, 2020), Japanese Patent Applica-

tion Serial No. 2020-149825 (filed on Sep. 7, 2020) and
Japanese Patent Application Serial No. 2021-034789 (filed
on Mar. 4, 2021) the contents of which are hereby incorpo-
rated by reference 1n their entirety.

TECHNICAL FIELD

The present disclosure relates to a coil component.

BACKGROUND

A conventional coil component such as an inductor typi-
cally includes a magnetic base body made of a magnetic
material, a coil conductor provided i1n the magnetic base
body and wound around a coil axis, and an external elec-
trode connected to an end portion of the coil conductor. A
known material of the magnetic base body 1s a metal
magnetic material formed of metal magnetic particles. Metal
magnetic materials typically have a higher saturation mag-
netic flux density than ferrite materials and thus are suitable
as materials for a magnetic base body of a coil component
through which a large current flows. An example of such a
coll component made of a metal magnetic material 1s
disclosed 1 Japanese Patent Application Publication No.
2018-121023.

The magnetic base body made of a metal magnetic
material has a higher saturation magnetic flux density but a
lower 1nsulation quality than a magnetic base body made of
a ferrite material. In addition, heat treatment in the manu-
facturing process of the coil component may cause migra-
tion of the metal atoms included 1n the conductor, such that
the metal atoms of the coil conductor disperse into the
magnetic base body. Such migration of the metal atoms of
the coil conductor may further reduce the insulation quality
of the magnetic base body made of the metal magnetic
material.

SUMMARY

One object of the present invention 1s to provide a coil
component less prone to migration ol the metal atoms
included in the coil conductor. Other objects of the present
invention will be made apparent through the entire descrip-
tion 1n the specification.

A coil component according to one embodiment of the
present invention comprises: a base body containing a
plurality of metal magnetic particles; and a coil conductor
provided in the base body so as to contact with the base
body, wherein the base body has an insulating portion
including a non-metal magnetic particle region defined by at
least three of the plurality of metal magnetic particles 1n a
sectional surface of the base body, and wherein 1n the
insulating portion, an atomic percent of S1 1s highest among
those of materials constituting the non-metal magnetic par-
ticle region other than oxygen. In one embodiment of the
present invention, the coil conductor 1s wound around a coil
axis.

In one embodiment of the present invention, at a geomet-
ric center of the non-metal magnetic particle region in a
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2

sectional surface thereof along the coil axis, an atomic
percent of S1 may be highest among those of the materials
constituting the non-metal magnetic particle region other
than oxygen. In one embodiment of the present invention, at
a geometric center of the non-metal magnetic particle region
in a sectional surface of the base body cut along a plane
extending through the coil conductor, an atomic percent of
S1 may be highest among those of the materials constituting
the non-metal magnetic particle region other than oxygen.

In one embodiment of the present invention, a surface of
cach of the plurality of metal magnetic particles may be
coated with a coating layer containing Si, and a composition
of a material of the coating layer may be different from a
composition of the maternials of the non-metal magnetic
particle region at the geometric center.

In one embodiment of the present invention, the plurality
of metal magnetic particles may be bonded to each other via
the coating layer.

In one embodiment of the present invention, an atomic
percent of S1 1n the non-metal magnetic particle region may
be 50 at % to 95 at %.

In one embodiment of the present invention, the non-
metal magnetic particle region may contain Fe, Cr, and/or
Al.

In one embodiment of the present invention, the plurality
of metal magnetic particles may be formed of an alloy
containing Fe, S1, Cr, or Al.

In one embodiment of the present invention, the coil
conductor may include a first conductor pattern and a second
conductor pattern each extending along a planar direction
perpendicular to the coil axis, and the first conductor pattern
and the second conductor pattern may be separated from
cach other 1n a direction of the coil axis, and the 1nsulating
portion may be disposed between the first conductor pattern
and the second conductor pattern.

In one embodiment of the present invention, the coil
conductor may further comprise an external electrode pro-
vided on a surface of the base body and electrically con-
nected to the coil conductor, and the insulating portion may
be disposed between the coil conductor and the external
electrode.

In one embodiment of the present invention, the coil
conductor may be disposed 1n the mnsulating portion.

In one embodiment of the present invention, an entirety of
the base body may be the insulating portion.

In one embodiment of the present invention, the insulat-
ing portion may be formed by heating a metal magnetic
paste containing the plurality of metal magnetic particles
and a silicon resin.

One embodiment of the present invention relates to a
circuit board comprising any one of the above electronic
components. One embodiment of the present invention
relates to an electronic device comprising the above circuit

board.

Advantageous Ellects

The present invention provides a coil component less
prone to migration of the metal atoms included 1n the coil
conductor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a coi1l component accord-
ing to one embodiment of the present invention.

FIG. 2 1s an exploded perspective view of the coil
component shown i FIG. 1.
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FIG. 3 schematically shows a longitudinal section of the
coil component along the line I-I 1n FIG. 1.

FIG. 4 15 an enlarged sectional view schematically show-
ing a partial region of an isulating portion shown in FIG.
3.

FIG. 5 schematically shows a longitudinal section of a
coll component according to another embodiment of the
present invention.

FIG. 6 schematically shows a longitudinal section of a
coll component according to another embodiment of the
present invention.

FIG. 7 schematically shows a longitudinal section of a
coll component according to another embodiment of the
present mvention.

FIG. 8 schematically shows a longitudinal section of a
coll component according to another embodiment of the
present mvention.

FIG. 9 15 a perspective view of a coil component accord-
ing to another embodiment of the present invention.

FIG. 10 schematically shows a longitudinal section of the
coil component along the line II-II 1n FIG. 9.

FIG. 11 schematically shows a modification of the coil
conductor of FIG. 10.

DESCRIPTION OF TH.

(L.
1]

EMBODIMENTS

Various embodiments of the present invention will be
heremnafter described with reference to the accompanying
drawings. The constituents common to multiple drawings
are denoted by the same reference signs throughout the
drawings. For convemence of explanation, the drawings are
not necessarily drawn to scale.

FIG. 1 1s a perspective view of a coil component 1
according to one embodiment of the present invention, and
FIG. 2 1s an exploded perspective view of the coil compo-
nent 1 shown 1n FIG. 1. By way of one example of the coil
component 1, FIGS. 1 and 2 show a laminated inductor used
as a passive element in various circuits. The laminated
inductor 1s one example of a laminated coi1l component to
which the present invention 1s applicable. The present inven-
tion 1s applicable to coil components other than the lami-
nated inductor, such as those made by compression molding
or thin film molding. The present invention 1s applicable to
a power inductor incorporated 1n a power source line and to
various other coil components.

The coil component 1 1n the embodiment shown includes
a laminated body (base body) 10 containing a plurality of
metal magnetic particles, a coil conductor 25 disposed in the
laminated body 10 and wound around a coil axis A, an
external electrode 21 electrically connected to one end of the
coil conductor 25, and an external electrode 22 electrically
connected to the other end of the coil conductor 25. The
laminated body 10 1s a laminate of magnetic layers each
made of a magnetic material. The coil conductor 25 includes
conductor patterns C11 to C16. The conductor patterns C11
to C16 extend along the planar direction perpendicular to the
coil axis A and are separated from each other in the direction
of the coil axis A. Each of the conductor patterns C11 to C16
1s electrically connected to adjacent conductor patterns
through the vias V1 to V5. In this way, the coil conductor 25
1s constituted by the conductor patterns C11 to C16 and the
vias V1 to V5. The conductor pattern C11 1s electrically
connected to the external electrode 21, and the conductor
pattern C16 1s electrically connected to the external elec-
trode 22.

As shown, 1n one embodiment of the present invention,
the laminated body 10 1s formed 1n a rectangular parallel-
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epiped shape, for example. The laminated body 10 has a first
principal surface 10e, a second principal surface 10/, a first
end surface 10a, a second end surface 10c, a first side
surface 105, and a second side surface 10d. The outer
surface of the laminated body 10 i1s defined by these six
surfaces. The first principal surface 10e and the second
principal surface 10f are opposed to each other, the first end
surface 10q and the second end surface 10¢ are opposed to
each other, and the first side surface 105 and the second side
surface 104 are opposed to each other. In a case where the
laminated body 10 1s formed 1n a rectangular parallelepiped
shape, the first principal surface 10e and the second principal
surface 10f are parallel to each other, the first end surface
10a and the second end surface 10c are parallel to each
other, and the first side surface 105 and the second side
surface 10d are parallel to each other.

In the embodiment of FIG. 1, the first principal surface
10e lies on a top side of the laminated body 10, and therefore
it may be herein referred to as “the top surface.” Similarly,
the second principal surface 10f may be referred to as “the
bottom surface.” The coil component 1 1s disposed such that
the second principal surface 10f faces the circuit board (not
shown), and therefore, the second principal surface 10f may
be herein referred to as “the mounting surface.” The top-
bottom direction of the coil component 1 1s based on the
top-bottom direction in FIG. 1.

In this specification, a “length” direction, a “width”
direction, and a “thickness” direction of the coil component
1 are referred to as an “L axis” direction, a “W axis”
direction, and a T axis” direction i FIG. 1, respectively,
unless otherwise construed from the context. The L axis, the
W axis, and the T axis are perpendicular to one another. The
coil axis A extends in the T axis direction. The direction 1n
which the plane including the W axis direction and the L axis
direction extends 1s the planar direction.

In one embodiment of the present invention, the coil
component 1 has a length (the dimension 1n the direction of
the L axis) of 0.2 to 6.0 mm, a width (the dimension in the
direction of the W axis) of 0.1 to 4.5 mm, and a thickness
(the dimension 1n the direction of the T axis) of 0.1 to 4.0
mm. These dimensions are mere examples, and the coil
component 1 to which the present invention 1s applicable
can have any dimensions that conform to the purport of the
present invention. In one embodiment, the coil component 1
has a low profile. For example, the coil component 1 has a
width larger than the thickness thereof.

FIG. 2 1s an exploded perspective view of the coil
component 1 shown mn FIG. 1. In FIG. 2, the external
clectrode 21 and the external electrode 22 are omitted for
convenience of illustration. As shown 1n FIG. 2, the lami-
nated body 10 includes a body portion 20, a top cover layer
18 provided on the top-side surface of the body portion 20,
and a bottom cover layer 19 provided on the bottom-side
surface of the body portion 20. The body portion, which
includes the magnetic layers 11 to 16 stacked together, 1s
formed of the top cover layer 18, the magnetic layer 11, the
magnetic layer 12, the magnetic layer 13, the magnetic layer
14, the magnetic layer 15, the magnetic layer 16, and the
bottom cover layer 19 that are stacked 1n this order from the
top to the bottom in FIG. 2.

The top cover layer 18 includes four magnetic layers 18a
to 184d. The top cover layer 18 includes the magnetic layer
18a, the magnetic layer 185, the magnetic layer 18c¢, and the
magnetic layer 184 that are stacked in this order from the
bottom to the top in FIG. 2.

The bottom cover layer 19 includes four magnetic layers
19a to 19d. The bottom cover layer 19 includes the magnetic
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layer 19a, the magnetic layer 195, the magnetic layer 19c,
and the magnetic layer 194 that are stacked in this order
from the top to the bottom 1n FIG. 2.

The magnetic layers 11 to 16 constituting the body portion
20, the magnetic layers 18a to 184 constituting the top cover
layer 18, and the magnetic layers 19a to 194 constituting the
bottom cover layer 19 include metal magnetic particles and
an msulating resin material. Metal magnetic particles appli-
cable to the present invention are made of a material 1n
which magnetism 1s developed 1n an unoxidized metal
portion, and such metal magnetic particles are, for example,
particles including unoxidized metal particles or alloy par-
ticles. Magnetic particles applicable to the present invention
include, for example, Fe and at least one of Al and Mn as an
alloy component. Materials of the magnetic particles appli-
cable to the present invention may be particles of, for
example, a Fe—S1—Cr—Al, Fe—S1—Cr—Mn, Fe—S1—
Al, Fe—S1—Mn, or Fe—Ni alloy, a Fe—S1—Cr—B—C or
Fe—S1—B—Cr amorphous alloy, Fe, or a mixture thereof.
The resin matenal contained 1n the magnetic layers will be
described later.

The coi1l component 1 can include any number of mag-
netic layers as necessary in addition to the magnetic layers
11 to 16, the magnetic layers 18a to 184, and the magnetic
layers 19a to 194. Some of the magnetic layers 11 to 16, the
magnetic layers 18a to 184, and the magnetic layers 19a to
194 can be omitted as appropriate.

The magnetic layers 11 to 16 have corresponding con-
ductor patterns C11 to C16 embedded therein, respectively.
Betore the magnetic layers 11 to 16 are stacked together, the
top-side surfaces of the conductor patterns C11 to C16 are
exposed at the top-side surfaces of the magnetic layers 11 to
16, respectively. The conductor patterns C11 to C16 extend
around the coil axis A. In the embodiment shown, the coil
axis A extends 1n the T axis direction, which 1s the same as
the lamination direction of the magnetic layers 11 to 16.

The magnetic layers 11 to 15 are provided with vias V1
to V5, respectively, at predetermined locations therein. The
vias V1 to V3 are formed by forming a through-hole at the
predetermined location 1n the magnetic layers 11 to 135 so as
to extend through the magnetic layers 11 to 15 1n the Taxis
direction and then filling the through-holes with a metal
material.

The conductor patterns C11 to C16 and the vias V1 to V5
are formed to contain a metal having an excellent electrical
conductivity, such as Ag, Pd, Cu, or Al, or any alloy of these
metals.

In one embodiment, the external electrode 21 1s provided
on the first end surface 10a of the laminated body 10, and the
external electrode 22 1s provided on the second end surface
10c of the laminated body 10. As shown, the external
clectrode 21 and the external electrode 22 may extend onto
the top surface 10e, the bottom surface 10/, the first side
surface 105, and the second side surface 104 of the lami-
nated body 10. In this case, the external electrode 21 covers
the entirety of the first end surface 10a and a part of each of
the top surface 10e, the bottom surface 107, the first side
surface 105, and the second side surface 104 of the lami-
nated body 10, and the external electrode 22 covers the
entirety of the second end surface 10¢ and a part of each of
the top surface 10e, the bottom surface 10/, the first side
surface 1054, and the second side surface 104 of the lami-
nated body 10. The shapes of the external electrode 21 and
the external electrode 22 are not particularly limited and can
be adjusted as appropriate. For example, the external elec-
trode 21 may be L-shaped and cover a part of each of the first
end surface 10aq and the bottom surface 10/, or 1t may be
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plate-shaped and cover a part of the bottom surface 10f.
Likewise, the external electrode 22 may be L-shaped and
cover a part of each of the second end surface 10¢ and the
bottom surface 10/, or 1t may be plate-shaped and cover a
part of the bottom surface 10f.

Next, with reference to FIGS. 3 and 4, a further descrip-
tion 1s given of the laminated body 10 of the co1l component
1. FIG. 3 schematically shows a longitudinal section of the
coil component 1 along the line I-1 1n FIG. 1. In FIG. 3, a
part of the magnetic layers included 1n the laminated body
10 1s omitted. FIG. 4 1s an enlarged sectional view sche-
matically showing a partial region of an insulating portion
30 shown 1 FIG. 3.

In one or more embodiments of the present invention, the
laminated body 10 includes the insulating portion 30 that
forms at least a part of the laminated body 10. The laminated
body 10 may be entirely formed of the mnsulating portion 30.
In the embodiment shown 1n FIG. 3, the insulating portion
30 encloses the coil conductor 25. In other words, 1n the coil
component 1 shown, the coil conductor 25 i1s provided
within the insulating portion 30. The coil conductor 23 1s
provided 1n the laminated body 10 so as to contact with the
insulating portion 30. More specifically, in the embodiment
shown, the isulating portion 30 includes the magnetic
layers 11 to 16 constituting the body portion 20 (see FIG. 2),
the magnetic layer 18a of the top cover layer 18, and the
magnetic layer 19a of the bottom cover layer 19.

The magnetic layers of the laminated body 10 are formed
of a metal magnetic paste containing the metal magnetic
particles and the mnsulating resin material. The metal mag-
netic paste used for the magnetic layers 11 to 16, 18a, 19a
constituting the msulating portion 30 contains a silicon resin
as the resin material. The proportion of the silicon resin 1n
the metal magnetic paste may be, for example, 5 vol % to 50
vol %. For the metal magnetic paste used for the magnetic
layers not constituting the isulating portion 30 (the mag-
netic layers 186 to 184, 196 to 194 1n this embodiment),
examples of the resin material contained 1n this metal
magnetic paste include a polyvinyl butyral (PVB) resin, an
cthyl cellulose resin, a polyvinyl alcohol resin, and an
acrylic resin. The resin material used for the magnetic layers
185 to 184, 195 to 194 not constituting the insulating portion
30 may be a highly 1nsulating thermosetting resin. Examples
of this thermosetting resin include an epoxy resin, a poly-
imide resin, a polystyrene (PS) resin, a high-density poly-
cthylene (HDPE) resin, a polyoxymethylene (POM) resin, a
polycarbonate (PC) resin, a polyvinylidene fluoride (PVDF)
resin, a phenolic resin, a polytetrafluoroethylene (PTFE)
resin, or a polybenzoxazole (PBO) resin.

As shown 1n FIG. 4, the msulating portion 30 includes
metal magnetic particle regions R1 and non-metal magnetic
particle regions R2. The metal magnetic particle regions R1
are formed of a plurality of metal magnetic particles 31, and
the non-metal magnetic particle regions R2 are each defined
by at least three metal magnetic particles 31 1n a sectional
surface of the laminated body 10 along any direction. In the
sectional surface of the laminated body 10, the three metal
magnetic particles 31 defining one non-metal magnetic
particle region R2 contact with each other. The non-metal
magnetic particle regions R2 may be each defined by four or
more metal magnetic particles 31. In the non-metal magnetic
particle regions R2, the proportion of S1 1s the highest among
those of the materials constituting the non-metal magnetic
particle regions R2 other than oxygen. The non-metal mag-
netic particle regions R2 are filled with a S1 oxide. The
non-metal magnetic particle regions R2 may contain, for
example, Fe and/or Cr 1n addition to S1 and oxygen. Of the
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materials constituting the non-metal magnetic particle
regions R2 other than oxygen, the proportion of S1 1s 50 at
% to 95 at %, by way of one example.

The proportion of S1 1n each non-metal magnetic particle
region R2 1s based on the geometric center C of the
non-metal magnetic particle region R2 as viewed in the
sectional surface thereof along the coil axis A. At the
geometric center C ol the non-metal magnetic particle
region R2 as viewed 1n the sectional surface thereof along
the coil axis A, the atomic percent of S11s the highest among,
those of the materials other than oxygen. The proportion of
S1 1s measured by, for example, EDS (energy dispersive
X-ray spectroscopy) analysis.

The surface of each metal magnetic particle 31 may be
coated with a coating layer 32. The coating layer 32 may be,
for example, an oxide film formed of oxidized surface of the
metal magnetic particle 31, a coating film containing Si, or
a coating film contaiming an element other than S1. The oxide
f1lm and the coating film may be 1nsulating films. The metal
magnetic particles 31 are bonded to each other via the
coating layers 32. When the coating layer 32 1s formed on
the surface of the metal magnetic particle 31, the coating
layer 32 1s a part of the metal magnetic particle 31 and 1s
included in the metal magnetic particle region R1. The
composition of the material of the coating layer 32 may be
different from the composition of the materials of the
non-metal magnetic particle region R2 at the geometric
center C.

Next, a description 1s given of an example of a method of
manufacturing the coil component 1. The first step 1s to form
a top laminate, an intermediate laminate, and a bottom
laminate. The top laminate will constitute the top cover layer
18, and the bottom laminate will constitute the bottom cover
layer 19. The top laminate 1s formed by stacking together a
plurality of magnetic sheets that are to be the magnetic
layers 18a to 184d. Likewise, the bottom laminate 1s formed
by stacking together a plurality of magnetic sheets that are
to be the magnetic layers 194 to 194d. These magnetic sheets
are formed by, for example, applying a metal magnetic paste
to a surface of a plastic base film, drying the metal magnetic
paste, and cutting the dried metal magnetic paste to a
predetermined size. The metal magnetic paste 1s formed of,
for example, a resin material containing metal magnetic
particles mixed with a solvent. The magnetic sheets to be the
magnetic layers constituting the mnsulating portion 30 (the
magnetic layers 11 to 16, 18a, 194 in the embodiment
shown) are formed using a silicon resin as the resin material.
The resin material used in the magnetic sheets to be the
magnetic layers not constituting the insulating portion 30
(the magnetic layers 185 to 184, 196 to 194 1n the embodi-
ment shown) may be, for example, a polyvinyl butyral
(PVB) resin, an epoxy resin, or any other resin materials
having an excellent insulation quality.

The intermediate laminate 1s formed by stacking together
a plurality of sheets each including a conductor pattern, a
magnetic layer, and an insulator. In producing each sheet, a
green sheet 1s first formed on a base film. The green sheet
has a through-hole extending through the green sheet in the
lamination direction and configured to receive a via formed
therein. Next, the conductor pattern 1s formed on the green
sheet by screen printing or any other method. At this time,
the metal material that forms the conductor pattern 1s filled
into the through-hole to form the via. The magnetic layer 1s
then printed where the conductor pattern 1s not formed. After
the sheets including the conductor patterns C11 to C16 are
formed, the base film 1s removed, and the sheets are stacked
together 1n the order from the sheet including the conductor
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pattern C16 to the sheet including the conductor pattern C11.
Since there 1s no conductor pattern below the conductor
pattern C16, the sheet including the conductor pattern C16
may not have a through-hole for forming the via.

Next, the intermediate laminate formed in the above-
described manner 1s sandwiched between the top laminate
on the top side and the bottom laminate on the bottom side,
and the top laminate and the bottom laminate are bonded to
the intermediate laminate by thermal compression to obtain
a body laminate. Next, the body laminate 1s diced into pieces
of a desired size using a cutter such as a dicing machine or
a laser processing machine to obtain chip laminates corre-
sponding to the laminated body 10. Next, the chip laminate
1s degreased and then heated at a predetermined temperature.
This heat treatment causes the silicon resin contained in the
metal magnetic paste to be thermally decomposed 1nto a Si
oxide that 1s filled into the non-metal magnetic particle
regions R2 1n the insulating portion 30. When the metal
magnetic particles contain at least one of Al and Mn as an
alloy component, the heat treatment produces at least one of
Al oxide and Mn oxide that fills the non-metal magnetic
particle regions R2 in the msulating portion 30. In this way,
the non-metal magnetic particle regions R2 may contain the
S1 oxide and at least one of Al oxide and Mn oxide mixed
together. Since the metal magnetic particles contain at least
one of Al and Mn, the voids of the non-metal magnetic
particle regions R2 can be reduced as compared to the case
where the metal magnetic particles do not contain Al or Mn.
Further, since at least one of Al oxide and Mn oxide 1s
present 1n the non-metal magnetic particle regions R2,
adjacent metal magnetic particles can be bound firmly to
cach other to increase the mechanical strength of the base
body 10. Following the heat treatment, a conductive paste 1s
applied to the both end portions of the chip laminate to form
the external electrode 21 and the external electrode 22. The
coil component 1 1s thus obtained.

Next, another embodiment of the invention will be
described with reference to FIG. 5. FIG. 5 1s a sectional view
of the coil component according to the other embodiment
cut along the plane corresponding to the longitudinal section
of the FIG. 3. As shown 1n FIG. 5, similarly to the coil
component 1, the coil component 100 according to the other
embodiment of the present mmvention includes a laminated
body 10 containing a plurality of metal magnetic particles,
a coil conductor 25 disposed in the laminated body 10 and
wound around a coil axis A, an external electrode 21
clectrically connected to one end of the coil conductor 25,
and an external electrode 22 electrically connected to the
other end of the coil conductor 25. The coil component 100
differs from the coil component 1 in that the insulating
portion 30 of the laminated body 10 1s disposed only in
interposing regions disposed between the conductor patterns
C11 to C16 that are adjacent to each other in the direction of
the coil axis A. The interposing regions extend over the
entirety of the laminated body 10 in the planar direction
along the L axis direction and the W axis direction.

Next, another embodiment of the invention will be
described with reference to FIG. 6. FIG. 6 1s a sectional view
of the coil component according to the other embodiment
cut along the plane corresponding to the longitudinal section
of the FIG. 3. As shown in FIG. 6, similarly to the coil
component 1, the coil component 200 according to the other
embodiment of the present mnvention includes a laminated
body 10 containing a plurality of metal magnetic particles,
a coil conductor 235 disposed in the laminated body 10 and
wound around a coil axis A, an external electrode 21
clectrically connected to one end of the coil conductor 25,
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and an external electrode 22 electrically connected to the
other end of the coil conductor 25. In the coil component
200, the insulating portion 30 1s disposed 1 a region
between the conductor pattern C11 and the top surface 10e
of the laminated body 10 and a region between the conductor
pattern C16 and the bottom surface 10/ of the laminated
body 10 1n the direction of the coil axis A. In other words,
in the coil component 200, the top cover layer 18 (magnetic
layers 18a to 18d) and the bottom cover layer 19 (magnetic
layers 19a to 19d) correspond to the msulating portion 30.

Next, another embodiment of the invention will be
described with reference to FI1G. 7. FIG. 7 1s a sectional view
of the coil component according to the other embodiment
cut along the plane corresponding to the longitudinal section
of the FIG. 3. As shown 1n FIG. 7, similarly to the coil
component 1, the co1l component 300 according to the other
embodiment of the present mvention includes a laminated
body 10 containing a plurality of metal magnetic particles,
a coil conductor 25 disposed in the laminated body 10 and
wound around a coil axis A, an external electrode 21
clectrically connected to one end of the coil conductor 25,
and an external electrode 22 electrically connected to the
other end of the coil conductor 25. In the co1l component
300, the external electrodes 21, 22 are provided only on the
bottom surface 10/ of the laminated body 10. The coil
conductor 25 additionally includes a lead-out conductor 25A
and a lead-out conductor 25B. The lead-out conductor 25A
clectrically connects between one end of the coil conductor
25 and the external electrode 21, and the lead-out conductor
25B electrically connects between the other end of the coil
conductor 25 and the external electrode 22. More specifi-
cally, the lead-out conductor 25A leads from the conductor
pattern C11 along the direction of the coil axis A and
connects to the external electrode 21. The lead-out conduc-
tor 25B leads from the conductor pattern C16 along the
direction of the coil axis A and connects to the external
clectrode 22. The insulating portion 30 of the coil compo-
nent 300 covers the entirety of the coil conductor 235 (that 1s,
the conductor patterns C11 to C16, the vias V1 to V35, and
the lead-out conductors 25A, 25B). In other words, i the
coil component 300, the magnetic layers 11 to 16 included
in the body portion 20, the magnetic layers 18a included 1n
the top cover layer 18, and the magnetic layers 194 to 194
included in the bottom cover layer 19 correspond to the
insulating portion 30. In this way, the insulating portion 30
1s present 1n the region where the conductor pattern C16
faces the lead-out conductor 25A and thus the potential
difference 1s the largest. The insulating portion 30 i1s also
present 1n the regions where the conductor patterns C12 to
C15 and the vias V1 to V5 face the lead-out conductor 25A
and thus a potential difference 1s present, although the
potential difference 1s smaller than that between the con-
ductor pattern C16 and the lead-out conductor 25A.

Next, another embodiment of the invention will be
described with reference to FI1G. 8. FIG. 8 1s a sectional view
of the coil component according to the other embodiment
cut along the plane corresponding to the longitudinal section
of the FIG. 3. As shown 1n FIG. 8, similarly to the coil
component 300, the coil component 400 according to the
other embodiment of the present invention includes a lami-
nated body 10 containing a plurality of metal magnetic
particles, a coil conductor 25 disposed 1n the laminated body
10 and wound around a coil axis A, an external electrode 21
clectrically connected to one end of the coil conductor 25,
and an external electrode 22 electrically connected to the
other end of the coil conductor 25. As 1n the coil component
300, the external electrodes 21, 22 of the coi1l component 400
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are provided only on the bottom surface 10f of the laminated
body 10, and the coil conductor 25 additionally includes a
lead-out conductor 25A and a lead-out conductor 25B. The
lead-out conductor 25A electrically connects between one
end of the coil conductor 25 and the external electrode 21,
and the lead-out conductor 23B ce¢lectrically connects
between the other end of the coil conductor 25 and the
external electrode 22. More specifically, the lead-out con-
ductor 25A leads from the conductor pattern C11 along the
direction of the coil axis A and connects to the external
clectrode 21. The lead-out conductor 23B leads from the
conductor pattern C16 along the direction of the coil axis A
and connects to the external electrode 22. In the coil
component 400, the insulating portion 30 1s disposed 1n a
region between the conductor pattern C16 and the bottom
surface 10f of the laminated body 10 1n the direction of the
coil axis A. In other words, 1n the coil component 400, the
bottom cover layer 19 (magnetic layers 19a to 19d) corre-
spond to the msulating portion 30. In thus way, the insulating
portion 30 1s present in the region between the conductor
pattern C16 and the external electrode 21 where the potential
difference 1s large.

Next, another embodiment of the invention will be
described with reference to FIGS. 9 and 10. FIG. 9 15 a
perspective view ol the coil component according to the
other embodiment of the invention. As shown in FIG. 9,
similarly to the coil component 1, the coil component 500
according to the other embodiment of the invention includes
a laminated body 10, The coil component 500 also includes
a coil conductor 125 disposed 1n the laminated body 10, an
external electrode 21 electrically connected to one end of the
coil conductor 25, and an external electrode 22 electrically
connected to the other end of the coil conductor 25.

The coil conductor 125 1s positioned so as to be enclosed
in the insulating portion 30 of the laminated body 10. The
coil conductor 1235 1s provided 1n the laminated body 10 so
as to contact with the insulating portion 30. The coil
conductor 1235 1s exposed at one end thereof to the outside
of the magnetic base body 10 through the first end surface
10c and 1s connected to the external electrode 21 at the one
end. The coil conductor 125 1s also exposed at the other end
thereof to the outside of the magnetic base body 10 through
the second end surface 104 and 1s connected to the external
electrode 22 at the other end. In this manner, the coil
conductor 125 1s connected at one end thereof to the external
clectrode 21 and connected at the other end thereof to the
external electrode 22.

The coil conductor 125 extends linearly from the external
clectrode 21 to the external electrode 22 in plan view (as
viewed Irom the T axis). Stated diflerently, the coil conduc-
tor 125 has no separate parts facing each other in the
laminated body 10 in a plan view. Herein, when the coil
conductor 125 has no separate parts facing each other 1n the
laminated body 10 1n a plan view, this can mean the coil
conductor 125 extends linearly from the external electrode
21 to the external electrode 22. In the embodiment shown,
the coil conductor 125 has a rectangular parallelepiped
shape. The coil conductor 125 may be formed by only a
single conductor pattern or by a plurality of conductor
patterns electrically insulated from each other 1n the lami-
nated body 10. When the coil conductor 125 1s formed by a
plurality of conductor patterns, these conductor patterns
have the same shape, and adjacent ones of the conductor
patterns are separated from each other by a part of the
insulating portion 30 of the laminated body 10.

In the embodiment shown 1n FIGS. 9 and 10, the insu-
lating portion 30 1s also configured as shown in FIG. 4.
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Specifically, the insulating portion 30 includes metal mag-
netic particle regions R1 and non-metal magnetic particle
regions R2. The metal magnetic particle regions R1 are
formed of a plurality of metal magnetic particles 31, and the
non-metal magnetic particle regions R2 are each defined by
at least three metal magnetic particles 31 1n a sectional
surface of the laminated body 10 along any direction. In the
non-metal magnetic particle regions R2, the proportion of S1
1s the highest among those of the materials constituting the
non-metal magnetic particle regions R2 other than oxygen.
The proportion of S1 in each non-metal magnetic particle
region R2 1s based on the geometric center C of the
non-metal magnetic particle region R2 1n the sectional
surface thereot cut along a plane extending through the coil
conductor 125 (for example, a plane extending through the
coil conductor 125 and parallel with the LT plane). In other
words, at the geometric center C of the non-metal magnetic
particle region R2 1n the sectional surface thereof cut along
a plane extending through the coil conductor 125, the atomic
percent of S1 1s the highest among those of the materials
other than oxygen.

The shape of the coil conductor 125 1s not limited to the
illustrated. As shown 1n FIG. 11, the coi1l conductor 125 may
be configured such that the opposite ends thereof are
exposed through the mounting surface 1056 of the laminated
body 10. The coil conductor 125 shown 1n FIG. 11 icludes
a first portion 125a1, a second portion 12542, and a third
portion 125a3. The first portion 12541 1s exposed at one end
thereot through the mounting surface 105 and extends from
the one end in the positive direction of the T axis and the
positive direction of the L axis. The second portion 12542 1s
exposed at one end thereof through the mounting surface
106 and extends from the one end in the positive direction
of the T axis and the negative direction of the L axis. The
third portion 12543 connects between the top-side end of the
first portion 12541 and the top-side end of the second portion
125a2. The bottom-side end of the first portion 125a1 1s
connected to the external electrode 21, and the bottom-side
end of the second portion 12542 1s connected to the external
clectrode 22. In the embodiment shown, the third portion
25a3 extends 1n parallel with the top surface 10aq.

In one or more embodiments of the present invention, the
laminated body 10 of the coil component has the insulating
portion 30 that includes the non-metal magnetic particle
regions R2 each defined by at least three metal magnetic
particles 31, and the atomic percent of S1 1s the highest
among those of the materials constituting the non-metal
magnetic particle regions R2 other than oxygen. In conven-
tional coil components, the resin contained in the metal
magnetic paste 1s thermally decomposed 1nto carbon dioxide
and others by the heat treatment in the manufacturing
process, and therefore, voids are formed 1n the regions each
defined by a plurality of metal magnetic particles (corre-
sponding to the non-metal magnetic particle regions R2).
Presence of such voids encourages the metal magnetic
particles to contact with oxygen and thus encourages oxi-
dation of Fe, S1, Cr and the like contained in the metal
magnetic particles. As a result, 1onmizable substances con-
tained in the metal material of the coil conductor are
encouraged to receive electrons, which may cause migration
of the metal atoms in the coil conductor. By contrast, in the
coll component 1 according to one embodiment of the
present invention, the Si1 oxide 1s present 1n the non-metal
magnetic particle regions R2, as described above. This 1s
because a silicon resin 1s used as the resin contained in the
metal magnetic paste and, when the silicon resin 1s thermally
decomposed by the heat treatment, the S1 component con-
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tained 1n the silicon resin remains aiter the thermal decom-
position and oxidizes to form the S1 oxide. Since the S1 oxide
1s present 1n the non-metal magnetic particle regions R2, less
volds are formed by the heat treatment, and thus the oxida-
tion of Fe, Si1, Cr and the like contained in the metal
magnetic particles 1s inhibited. Therefore, the metal atoms of
the coil conductor 25 can be inhibited from migrating by the
heat treatment.

In one or more embodiments of the present invention, the
migration of the metal atoms of the coil conductor 25 may
occur when the metal atoms move 1n the non-metal magnetic
particle regions R2 by application of a voltage to the coil
component 25. In the coil component 1 according one
embodiment of the present invention, it 1s inhibited that the
volds are formed 1n the non-metal magnetic particle regions
R2 of the insulating portion 30, and therefore, even after the
coil component 1 1s mounted on a circuit board, the metal
atoms of the coil conductor 235 are inhibited from migrating
by application of the voltage.

In one or more embodiments of the present invention, the
coil conductor 25 1s provided in the mnsulating portion 30.
With this arrangement, the migration of the metal materials
of the coil conductor 25 can be inhibited between any two
of the conductor patterns C11 to C16 of the coil conductor
25 and between the coil conductor 25 and the external
clectrodes 21, 22. Accordingly, 1t 1s more secure that short
circuits are mhibited from occurring 1n the coil component
1.

In one or more embodiments of the present invention, the
insulating portion 30 1s formed by heating a metal magnetic
paste containing the metal magnetic particles 31 and the
silicon resin. Since the silicon resin can be more easily fed
into gaps between the metal magnetic particles 31 as com-
pared to Si1 oxide particles, the filling factor of the S1 oxide
in the non-metal magnetic particle regions R2 can be
increased. Therefore, the metal atoms of the coil conductor
25 can be more eflectively inhibited from migrating by the
heat treatment.

In one or more embodiments of the present invention, the
coil conductor 25 includes the conductor patterns C11 to
C16 extending along the planar direction perpendicular to
the coil axis A and separated from each other 1n the direction
of the coil axis A, and the insulating portion 30 may be
provided between adjacent ones of the conductor patterns
C11 to C16. With this arrangement, the migration of the
metal materials of the coil conductor 25 can be inhibited
between adjacent ones of the conductor patterns C11 to C16.

In one or more embodiments of the present invention, the
coil component further includes the external electrodes 21,
22 provided on the surface of the laminated body 10 and
clectrically connected to the coil conductor 25, and the
insulating portion 30 may be provided between the coil
conductor 25 and the external electrode 21, 22. With this
arrangement, the migration of the metal materials of the coil
conductor 25 can be inhibited between the coil conductor 25
and the external electrodes 21, 22.

In one or more embodiments of the present invention, the
metal magnetic particles 31 may contain Al. With this
arrangement, the metal magnetic particles 31 tends to have
a thick coating layer 32, and therefore, the gaps of the
non-metal magnetic particle regions R2 defined by the metal
magnetic particles 31 are smaller. Accordingly, narrower
paths are left for movement of the metal elements consti-
tuting the coil conductor 25 that are ionized, and thus the
migration of the metal elements can be mnhibited.

In one or more embodiments of the present invention, the
metal magnetic particles 31 may contain Cr. Since Cr
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inhibits oxidation of Fe contained in the metal magnetic
particles 31, the metal elements of the coil conductor 25 can
be mhibited from 1onizing due to oxidation of Fe. Therelore,
the metal materials of the coil conductor 25 can be 1nhibited
from migrating.

The dimensions, materials, and arrangements of the con-
stituent elements described for the above various embodi-
ments are not limited to those explicitly described for the
embodiments, and these constituent elements can be modi-
fied to have any dimensions, materials, and arrangements
within the scope of the present invention. Furthermore,
constituent elements not explicitly described herein can also
be added to the above-described embodiments, and 1t 1s also
possible to omit some of the constituent elements described
for the embodiments.

For example, as to the various examples of the positions
of the imsulating portion 30 represented by the above
embodiments, 1t 1s only required that the msulating portion
30 1s provided in at least a part of the laminated body 10, and
the position of the isulating portion 30 1s not limited to
those 1n the above embodiments.

What 1s claimed 1s:

1. A coi1l component comprising:

a base body containing a plurality of metal magnetic
particles; and

a co1l conductor provided in the base body so as to contact
with the base body and wound around a coil axis,

wherein the base body has an insulating portion, the
insulating portion 1s disposed so as to surround at least
a part ol the coil conductor, the insulating portion
including a non-metal magnetic particle region defined
by at least three of the plurality of metal magnetic
particles 1n a sectional surface of the base body, and

wherein at a geometric center of the non-metal magnetic
particle region 1n a sectional surface thereof along the
coil axis, an atomic percent of S1 1s highest among
those of the materials constituting the non-metal mag-
netic particle region other than oxygen.

2. A coil component comprising:

a base body containing a plurality of metal magnetic
particles; and

a co1l conductor provided in the base body so as to contact
with the base body,

wherein the base body has an insulating portion, the
insulating portion 1s disposed so as to surround at least
a part ol the coil conductor, the insulating portion
including a non-metal magnetic particle region defined
by at least three of the plurality of metal magnetic
particles 1n a sectional surface of the base body, and

wherein at a geometric center of the non-metal magnetic
particle region 1n a sectional surface of the base body
cut along a plane extending through the coil conductor,
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an atomic percent of S1 1s highest among those of the
materials constituting the non-metal magnetic particle
region other than oxygen.

3. The coi1l component of claim 1,

wherein a surface of each of the plurality of metal

magnetic particles 1s coated with a coating layer con-
taining Si1, and

wherein a composition of a material of the coating layer

1s different from a composition of the materials of the
non-metal magnetic particle region at the geometric
center.

4. The coil component of claim 3, wherein the plurality of
metal magnetic particles are bonded to each other via the
coating layer.

5. The coil component of claim 1, wherein an atomic
percent of S1 at the geometric center of the non-metal
magnetic particle region 1s 50 at % to 95 at %.

6. The coil component of claim 1, wherein the non-metal
magnetic particle region contains Fe, Cr, and/or Al.

7. The coi1l component of claim 6, wherein the plurality of
metal magnetic particles are formed of an alloy contaiming
Fe, S1, Cr, or Al.

8. The coi1l component of claim 1, wherein the non-metal
magnetic particle region contains at least one of Al and Mn.

9. The coi1l component of claim 1, wherein the plurality of
metal magnetic particles contain at least one of Al and Mn.

10. The coi1l component of claim 1,

wherein the coil conductor includes a first conductor

pattern and a second conductor pattern each extending
along a planar direction perpendicular to the coil axis,
and the first conductor pattern and the second conduc-
tor pattern are separated from each other 1n a direction
of the coil axis, and

wherein the isulating portion of the base body 1s dis-

posed between the {first conductor pattern and the
second conductor pattern.

11. The coil component of claim 1, further comprising:

an external electrode provided on a surface of the base

body and electrically connected to the coil conductor,
wherein the mnsulating portion 1s disposed between the
co1l conductor and the external electrode.

12. The coil component of claim 1, wherein the coil
conductor 1s disposed 1n the mnsulating portion.

13. The coil component of claim 1, wherein an entirety of
the base body 1s the insulating portion.

14. The coil component of claim 1, wherein the insulating
portion 1s formed by heating a metal magnetic paste con-
taining the plurality of metal magnetic particles and a silicon
resin.

15. A circuit board comprising the coil component of
claim 1.

16. An electronic component comprising the circuit board

of claim 15.
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